Objective. The objective of this study was to delineate the relationship between noncancer pain and cognitive impairment with social vulnerability. 
Introduction
Community-dwelling older adults frequently experience clinically significant noncancer pain with prevalence rates generally reported to be 40% or higher [1] [2] [3] . Pain-related discomfort typically stems from chronic incurable medical conditions such as osteoarthritis, diabetic peripheral neuropathy, and osteoporosis [4, 5] . Pain adversely affects the physical and psychological health of older persons [6] . However, less is known about the impact of pain on social networks [7] . Research has found that chronic pain diminishes one's ability and/or willingness to move around or interact with others, thereby potentially weakening social support, influence, and engagement as well as personal and intimate contact and access to resources and material goods; we operationalize these losses in social structure and function as social vulnerability [7] [8] [9] .
Cognitive impairment increases in prevalence with age, so that by age 85, 30-50% of community-dwelling older adults may have a memory disorder including mild cognitive impairment and dementia [10, 11] . As with noncancer pain, cognitive status appears to influence social vulnerability. That is, cognitively intact persons experience less social vulnerability compared with cognitively impaired persons [12] . As persons with cognitive impairment experience progressive memory loss and/or other cognitive deficits, a breakdown in social structure ensues leading to increased vulnerability [13, 14] .
The primary objective of this study was to better understand the relationship of pain and cognitive impairment with social vulnerability [15] . Another goal of the study was to determine the role that comorbidity, depression, and functional status play in attenuating (or not) the effect (if any) of pain and cognitive impairment on social vulnerability. We hypothesize that ongoing discomfort from pain and the presence of cognitive impairment are each independently associated with increased social vulnerability, and that they act "synergistically," as previously shown with other outcomes associated with both pain and cognitive impairment, namely functional disability [16] . The study's results serve to further inform the relationship of pain to social vulnerability in persons with and without cognitive impairment.
Methods

Study Sample
The Canadian Study of Health and Aging (CSHA) is a large longitudinal study designed to better understand the epidemiology of dementia in persons over the age of 65. Sampling was population based with clustering by region and stratified by age with oversampling of persons 75 and older. Screening assessments occurred in 1991, 1996, and 2001, in which face-to-face interviews were conducted in participants' homes. Potential participants were excluded if they had a life-threatening illness (e.g., terminal cancer), could not complete the screening questionnaire (e.g., persons with advanced dementia), or were not fluent in English or French [17, 18] . Trained research personnel assessed overall health, disease, mood, physical function, and cognition. Study objectives, design, and methodologies have been described in detail elsewhere [17, 18] . This is a cross-sectional analysis of wave 2 of the CSHA, the only one including a pain measure. Participants were excluded from the analysis if their pain response, cognitive assessment, or any other measure within the social vulnerability index was missing. All participants provided written informed consent and the CSHA protocol was approved at each participating institution. The research plan for this secondary data analysis was reviewed and approved by the University of Chicago's Biological Sciences Division Institutional Review Board.
Measures
Social Vulnerability (Dependent Variable)
The social vulnerability index is a compilation of self-report variables characterizing a person's social circumstance including the ability to engage in the wider community (e.g., write and read), living situation (e.g., lives alone), social support (e.g., number of people spend time with regularly), abilities to maintain social ties (e.g., get to places out of walking distance), social engagement (e.g., how often able to go for a walk), sense of mastery/control over one's life circumstances (e.g., feel empowered and in control of life situation), and socioeconomic status (e.g., income currently satisfies needs) [15] . Forty variables compose the original index, education level was excluded because of its well-established high correlation with cognitive status, so that 39 items remained in the index (Table 1) . Each indicator was assigned a score of 0 (social factor present) and 1 (social factor absent). For variables with more than one response category, values were applied in equal increments within the 0-1 interval, so that a five-response category would take on values of 0, 0.25, 0.5, 0.75, and 1. For each individual, a social vulnerability index was calculated by summing the scores for each of the variables, yielding a score ranging from 0 to 39, with higher scores indicating greater vulnerability. In the CSHA, the social vulnerability index is moderately correlated with frailty in men (r = 0.37) and women (r = 0.47) [15] . Each one-point increase in the index has been associated with a 5% increase in 5-year mortality [15] .
Pain (Explanatory Variable)
Pain was assessed using the 5-point verbal descriptor scale that has been validated in cognitively intact and impaired populations [6, 19] . Participants were asked, "How much bodily pain have you had during the past 4 weeks?" The response categories were presented on a card vertically in ascending order: 1 = none, 2 = very mild, 3 = moderate, 4 = severe, 5 = very severe. Participants selected the response category that best described their experience over that time period. We dichotomized pain into "no pain" and "very mild pain" vs "moderate pain" and higher as pain intensity in the latter group has been found to adversely affect health [20, 21] .
Cognition Impairment Indicator (Explanatory Variable)
Cognitive status was assessed using the Modified MiniMental Status Examination (3MS). The 3MS is similar to the Folstein Mini-Mental State Examination, but adds additional tasks including date and place of birth, animal naming, similarities, and a second delayed recall [22] . The 3MS has a range of 0-100 with higher scores indicating better cognition. The 3MS has been found to be a reliable and validated measure of cognition, with scores of 77 or less indicative of cognitive impairment [23] .
Additional Covariates
Other potential explanatory variables included demographic characteristics (age, gender, ethnicity-Caucasian vs other, and education-eighth grade or lower, high school, and more than high school), a depression screen (5-item mental health screening questionnaire), comorbidity, and functional status. The 5-item mental health screening questionnaire includes five questions on a 6-point scale. For example, respondents are asked, "Have you felt downhearted and blue?" and presented with responses ranging from "none of the time" to "all of the time." Higher scores indicate more symptoms of depression, total scores range from 5 to 30, and scores of 12 or higher indicate a depressed mood [24] . Comorbidities were assessed by asking participants about conditions present in the past year from 15 body systems, and each was dichotomized as "yes" or "no." Conditions included high blood pressure, heart or circulatory problems, arthritis or rheumatism, Parkinson's disease or other neurologic problem, eye trouble, ear trouble, chest problems, trouble with stomach or digestive system, back problems, bladder control problems, problems controlling bowels, fractures, cancer, diabetes, and foot problems. Individual conditions were added to create an index ranging from 0 to 15, with higher scores indicating greater comorbidity.
Functional status was ascertained using the Older Americans Resources and Services Instrumental Activities of Daily Living (IADL) [25] . This measure has been validated in both cognitively intact persons and those with mild to moderate cognitive impairment [26] . Among the seven items included are use of the phone, getting to places out of walking distance, going shopping for groceries and clothes, preparing own meals, doing your housework, taking your own medicines, and handling your own money; the first two were excluded because they are included in the social vulnerability index [15] . Participants reported their independence by indicating if they could perform each activity without any help (0), with some help (1), or completely unable to do oneself (2) . These reports were summed to create a composite index ranging from 0 to 10, where higher scores indicate greater impairment.
Statistical Analysis
Summary statistics of individual characteristics were analyzed by pain status (none or very mild vs moderate to severe) for which t-tests were used for differences in means of continuous variables and chi-squared for categorical variables. T-tests were used to examine the relationship of pain (none or very mild vs moderate to severe) and cognitive status (intact or impaired) with social vulnerability. Linear regression modeling was used to examine the association of moderate to severe pain, and cognitive impairment with social vulnerability. Additional independent variables included demographics (age, gender, ethnicity, and education) and those determined a priori to be of clinical importance based upon the literature, namely depressed mood, comorbidity and functional status. Independent variables were analyzed for collinearity; none was exhibited when analyzing the correlation matrix. To assess whether the inclusion of any one variable from the social vulnerability index largely accounted for any observed associations, we performed a "jackknife by variables" procedure in which the index was reconstituted 39 times, excluding a different variable with each iteration [15] . Each new 38-item subtraction index was then modeled in relation to pain and cognitive impairment by separate linear regressions.
Results
Of the 5,703 community-dwelling older adults who completed the 1996 wave of the CSHA, 1,918 were missing a component of the social vulnerability index. Of the remaining 3,785, nine were missing a pain response and no additional participants were missing a 3MS score, leaving 3,776 participants for inclusion in the analysis. In general, participants missing portions of the social vulnerability index were older, reported higher comorbidity, and had greater functional dependence (data not shown).
A total of 2,435 (64.6%) participants reported no or very mild pain and 1,332 (35.4%) reported moderate to severe pain ( Overall, the mean (standard deviation) of the social vulnerability index was 9.97 (3.62), with total scores ranging from 1.12 to 26.85. In bivariate comparisons, the social vulnerability index scores differed significantly between the two pain intensity and two cognitive status categories (see Table 3 ). The mean social vulnerability index for persons with moderate to severe pain compared with no or mild pain was 11.04 (3.91) vs 9.38 (3.30), respectively, P < 0.01. The mean social vulnerability index for cognitively impaired compared with intact participants was 11.47 (4.05) vs 9.81 (3.54), respectively, P < 0.01.
Step-wise multivariate analysis revealed that compared with cognitive impairment, moderate to severe pain exhibited a substantial decrease in effect with social vulnerability when comorbidity was added to the model (Table 4) . That is, the coefficient for cognitive impairment slightly increased from 0.94 (95% confidence interval [CI] 0.55,1.33, P < 0.01) to 1.04 (95% CI 0.66,1.42,P < 0.01), whereas the coefficient for moderate to severe pain decreased from 1.39 (95% CI 1.16,1.62, P < 0.01) to 0.85 * P value statistically significant at <0.05. † Adjusted R 2 for models 1, 2, and 3 are 0.16, 0.23, and 0.30, respectively. ‡ Social vulnerability index is a compilation of 39 self-reported variables related to social factors, including abilities to maintain social ties, social engagement, sense of mastery/control over one's life circumstances, and socioeconomic status, each scored from 0 to 1, and higher scores indicate greater social vulnerability. § Cognitive status defined using the Modified Mini-Mental Status Examination: scores of 78 or higher indicate cognitively intact and, scores less than 77 indicate cognitive impairment. ¶ Comorbidity is the summary score of 15 possible chronic medical conditions reported by participants, higher scores indicate greater morbidity. ** Mood is designated using the 5-item mental health screening questionnaire: total scores range from 0 to 30 and, scores of 12 or higher indicate depressed mood. † † Instrumental activities of daily living is the summary score of five self-reported function of activities were scores range from 0 to 2 with higher scores indicating greater impairment giving a composite score of 0-10. CI = confidence interval.
(95% CI 0.62,1.08, P < 0.01). The addition of IADLs and depressed mood had similar effects on the model, in that both cognitive impairment and moderate to severe pain demonstrated a decrease in their respective coefficients with social vulnerability. The coefficient for cognitive impairment decreased to 0.49 (95% CI 0.13,0.86, P < 0.01), while moderate to severe pain decreased to 0.44 (95% CI 0.21,0.66, P < 0.01) with social vulnerability; the interaction term of cognitive impairment and moderate to severe pain with social vulnerability was not statistically significant, 0.40 (95% CI -0.32,1.14, P = 0.27) (not included in Table 4 ). The coefficients for depression 1.90 (95% CI 1.64,2.16, P < 0.01), greater comorbidity 0.36 (0.30, 0.43, P < 0.01), and functional disability 0.47 (95% CI 0.39,0.56, P < 0.01) were also significantly associated with increasing social vulnerability. Among demographic characteristics, the coefficients for older age 0.09 (95% CI 0.07, 0.11, P < 0.01) and female gender 0.67 (0.47,0.90, P < 0.01) were significantly associated with greater social vulnerability. Educational attainment was protective of social vulnerability with coefficients for any high school -0.39 (95% CI -0.56, 0.07, P < 0.01) or college -0.58 (95% CI -0.86, -0.30, P < 0.01) compared with those with a grade school education. The overall model was significant, P < 0.01, with an adjusted r squared of 0.30. The "jackknife by variables" procedure in which the social vulnerability index was reconstituted 39 times, excluding a different variable with each iteration did not change the results of the linear regression models in significance or direction of association.
Discussion
Moderate to severe pain and cognitive impairment were each independently associated with social vulnerability in this community-dwelling, high-functioning, older adult population. Moreover, pain and cognition exhibited similar strengths of association with social vulnerability in the final multivariate model, with the effect being about one-half point on the index for each condition. However, the interaction term between these two independent variables with social vulnerability did not reach statistical significance. Our findings suggest that pain assessment and treatment may play an important role in limiting social vulnerability of community-dwelling older adults.
One important aspect of these findings is the relationship of pain and cognitive impairment with other explanatory variables for social vulnerability. The inclusion of comorbidity tempers the relationship between pain and social vulnerability, but not between cognitive impairment and social vulnerability. In addition, IADLs and depressed mood accounted for a similar portion of the observed relationship of pain and cognitive impairment to social vulnerability. Given that depressed mood and functional impairment commonly accompany pain and cognitive impairment, it is important for clinicians to assess and treat each condition to try to lessen the likelihood of social vulnerability and its consequences in older persons [6, 27] .
Although the present study cannot establish causality, we hypothesize that the presence of pain significantly contributes to the development of social vulnerability. As described earlier, chronic pain can diminish one's ability and/or willingness to move around or interact with others, thereby weakening social support, influence, and engagement as well as personal and intimate contact and access to resources and material goods, in doing so increasing social vulnerability [7, 10, 11] . Increased social vulnerability can alter health-sustaining behaviors (e.g., decreased exercise and adherence to medical treatments), psychological well-being (e.g., decreased sense of well-being), and underlying physiology (diminished cardiopulmonary and vascular fitness, immunologic function, and hypothalamus-pituitary response), contributing to worse overall health [28] . The cross-sectional nature of the study limits the ability to infer directionality of cause between pain and social vulnerability; alternative explanations are that social vulnerability may exacerbate self-reported pain, or that an unrecognized confounder may account for the findings.
While we posit that pain contributes to social vulnerability, we have observed clinical scenarios that support the potential for social vulnerability to exacerbate pain. We are reminded of the 83-year-old woman with back pain and dementia who was living alone and terrified of her pain because of her social isolation. She and her family had sought numerous pain providers who prescribed a multitude of treatments including a morphine pump, none of which were effective. Only after her social vulnerability was addressed by her moving into an assisted living facility was her pain brought under control. Her pain medication regimen was less aggressive than that prescribed when she was an outpatient. The social support received in her new home eliminated her fear and, consequently, eliminated her pain-associated disability.
We believe these findings are not only statistically significant, but also clinically important. For example, based upon our model, an 85year-old woman with a grade school education, two comorbidities, one IADL impairment, and moderate to severe pain would have an average social vulnerability index score of 3.67 with pain contributing 0.5 points to the index. If the patient was also cognitively impaired, the total index score would increase by about another 0.5 points to 4.16. Social vulnerability of this magnitude has real world relevance as a one-point increase on the index is associated with a 5% increase in mortality [15] . Increases in the social vulnerability index has also been associated with greater cognitive decline over time, the presence of frailty, and nursing home placement [14, 15] .
While our study has a number of strengths, it also has some limitations. Although we have strong theoretical reasons to believe that pain leads to social vulnerability, the reverse relationship cannot be ruled out. The assessment of social vulnerability in the CSHA is based upon a composite index of 39 variables. The self-report vulnerability index has been previously validated and has been shown to be robust to small increases in social vulnerability increasing frailty risk and mortality [15] . Another concern is that any one factor of the index could largely account for the observed associations. To ensure this did not occur, we analyzed whether or not our findings changed with the exclusion of any single variable from the index. Our results did not change meaningfully in significance or direction with any of the reconstituted 38-item index. Also, a proportion of the sample was missing data from the social vulnerability index, so these participants had to be excluded from the analysis. It is possible that their exclusion could have biased the findings; individuals who were missing data were older and had more comorbidities than those with a complete index. Finally, the location of pain and pain treatment were not available, so we cannot comment on how these factors may have affected our findings.
This represents the first study to examine the relationship among pain, cognitive impairment, and social vulnerability in a large representative sample of older adults. Pain and cognitive impairment are important clinical phenomenon as each are associated with quality of life and a multidimensional experience that includes physical, psychological, and social elements. We found pain and cognitive impairment to be independently and significantly associated with social vulnerability. These associations lead one to speculate whether or not improvements in pain management might mitigate social vulnerability in cognitively intact and impaired persons, which would be particularly beneficial to the growing number of vulnerable older adults with either or both problems. In addition, pain clinicians should address social vulnerability in their evaluation of pain in older adults, including the patients living situation, socioeconomic status, level of community engagement, degree of social support, and mastery of control over things that happen to them. Future work should also assess measures longitudinally to help establish the causal pathway.
